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Abstract: General observations are going the reasons for the failure of supporting system which reveals 
the supporting system from the elevated tanks has more critical importance compared to other structural 
areas of tanks. As you may know from past records, a lot of reinforced concrete elevated water tanks 
were heavily broken or collapsed throughout the earthquakes and cyclones around the globe. The 
majority of the damages observed throughout the seismic occasions and cyclonic occasions arise were 
may be because of the insufficient understanding concerning the proper conduct of supporting system 
from the tank against dynamic effect as well as because of improper geometrical choice of staging 
patterns. The primary purpose of this research would be to comprehend the conduct of supporting 
system which works better under different earthquake zones for Lateral loads ( wind & seismic)  with 
STAAD.Pro V8i software. An example of the reinforced concrete elevated water tank (Intz type), with 
1500 cubic meters with a height of 18m and 22.5m from walk out is recognized as. Here four different 
staging patterns for example fundamental bracing, radial bracing with central column, mix bracing, 
concentric rows of posts are compared for a number of fluid filling conditions. The seismic zones of Zone-
III ,Zone-IV, Zone-V and also the corresponding  lateral load characteristics happen to be obtained from 
IS 1893 (PART 1)-2002 & draft code IS 1893 (Part 2) and it is 875 (PART 3) -1987. Consequently water 
mass continues to be considered in 2 parts as impulsive and convective recommended by GSDMA 
guidelines. Tank responses including base shear, overturning moment and roof displacement happen to 
be observed, and so the results happen to be compared and contrasted. The end result implies that the 
dwelling responses are quite affected by the existence of water and also the Lateral load characteristics. 
Finally study discloses the significance of appropriate staging configuration to stay withstands against 
heavy damage or failure of elevated water tank during seismic occasions. 
Keywords: STAAD.Pro; Seismic Analysis; Elevated Water Tank; Seismic Zones 
I. INTRODUCTION 
Water is human fundamental needs for daily 
existence. Sufficient water distribution depends 
upon style of a water tank in a few areas. Water 
tank continues to be developed about eighty years 
ago and acknowledged as well-designed, efficient 
and economical unit for commercial in addition to 
residential use. Also, it's inevitable a part of supply 
of water system, and extensively employed for 
storage and processing of number of liquid like 
material for example water, oil product, liquefied 
gas, chemical fluid and wastage of various forms 
[1]. Thus Water tanks are important for public 
utility as well as for industrial structure. Supply of 
water is really an existence line facility that has to 
remain functional following disaster. Most 
municipalities in India have supply of water system 
which depends upon elevated tanks for storage. 
Elevated water tank is really a large elevated water 
storage container built with regards to holding a 
supply of water in a height sufficient to pressurize a 
water distribution system. In main metropolitan 
areas the primary supply plan is augmented by 
individual supply systems of institutions and 
industrial estates that elevated tanks are a vital part. 
Elevated water storage tanks feature to consider are 
durability and strength, not to mention leakages 
could be prevented by identifying good 
construction practices. But actually these structures 
don't frequently last as lengthy because they are 
created for. These structures possess a 
configuration that's especially susceptible to Lateral 
forces like earthquake, wind forces because of the 
large total mass concentrated towards the top of 
slender supporting structure. So you should check 
the seriousness of these forces for particular region. 
Supply of water is important for controlling fires 
that could occur during earthquakes which cause a 
lot of damage and lack of lives. Therefore, elevated 
tanks should remain functional within the publish-
earthquake period to make sure supply of water 
will come in earthquake-affected regions. 
Nonetheless, several elevated tanks were broken or 
collapsed during past earthquakes [2]. Supply of 
water is extremely important for consuming 
purposes which is extremely important for living. 
Therefore, elevated water tanks should remain 
functional after cyclones and high winds. 
 
Fig.1.Lateral stiffness 
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II. ELEVATED WATER TANKS 
The most typical kinds of elevated water tanks are, 
Circular tank: Circular tanks having a horizontal or 
flat floor slab is economical for smaller sized 
storage capacity as high as 200,000 liters with 
diameters in the plethora of 5 to eight m. The depth 
of storage is usually between three or four m. 
alongside it walls are equipped for circumferential 
hoop tension and bending moment because the 
walls are fixed towards the floor slab in the 
junction [3]. The circular floor slab from the tank is 
made for circumferential and radial moments coded 
in the slab. Intz type tank: Within the situation of 
huge diameter elevated circular tanks, thicker floor 
slabs are needed leading to uneconomical designs. 
In such instances, Intz type tank with conical and 
bottom spherical domes offers an economical 
solution, The proportions from the conical and also 
the spherical bottom domes are selected so the 
outward thrust in the bottom dome Balances the 
inward thrust because of the conical domed area of 
the tank floor [4]. Conical or funnel formed tank: 
Conical or funnel formed elevated water tanks are 
frequently chosen over other shapes mainly 
because of their aesthetic and superior architectural 
features in comparison to other kinds of elevated 
water tanks. For supporting towers greater than 25 
m, reinforced concrete round shells are economical 
and could be quickly built while using slip form 
procedure for casting. The conical covering walls 
are sloping at 45° towards the horizontal and also 
the thickness from the walls progressively elevated 
towards the end from the tank and created for hoop 
tension and meridional thrust. The bottom and top 
ring beams are equipped for hoop tension. The 
supporting round covering tower is made for 
combined thrust and bending because of wind and 
seismic forces. A rigid raft slab foundation is 
supplied to aid the shaft. Elevated water tank is 
usually exposed towards the following kinds of 
loadings (or) forces. The dead loads comprises the 
load from the concrete of foundations, posts, 
Bracings, Ring beams, Bottom dome, Conical slab, 
side wall, Top dome etc. An enforced load of 
.75kN/m² is recognized as on top dome as no 
access is supplied to roof with the exception of 
duration of upkeep of the tank (IS: 875 part-2 
1987). Or no inspection gallery is providing all 
over the tank, exactly the same enforced load 
(.75kN/m²) is going to be taken combined with the 
dead load for the similar. Water pressure shall 
always functions normal towards the surface. The 
vertical water pressure will act upon Bottom dome 
and conical slab from the tank. Wind is air moving 
in accordance with the top of earth. Water tanks are 
exposed to high winds in certain duration. Wind 
forces are predominant around the supporting 
system when compared to container. Wind 
pressures are calculated based on IS: 875 (part 3) 
based on wind pressure zones or terrains and also 
the factors according to geometrical qualities from 
the tank. Concentration of wind and exposure are 
used in the directions as needed. The improved 
water tanks are exposed huge seismic forces during 
earthquakes [5]. Elevated water tanks contain huge 
water mass towards the top of a slender staging, 
once the tank is full, earthquake forces are pretty 
much govern the lateral pressure design criteria 
within the zone of high seismic activity. Hence 
these structures ought to be made to withstand 
seismic forces during earthquakes based upon the 
earthquake zones as well as their characteristics 
according to IS: 1893 (Part-1) 2002 and it is: 1893 
(Part-2)-draft code. 
 
Fig.2.Roof displacement in Zone V 
III. METHODOLOGY 
STAAD. Pro is really a general purpose program 
for performing case study and style of a multitude 
of kinds of structures. The fundamental three 
activities which should be transported out to 
accomplish this goal - a) model generation b) the 
calculations to get the analytical results c) result 
verification - are facilitated by tools within the 
program's graphical atmosphere. The dwelling type 
will be based on selecting from among Space, 
Plane, Floor and Truss.  An Area type is a in which 
the structure, the loading or both, make the 
structure to deform in most 3 global axes (X, Y and 
Z).Specify the frame people together with nodes. 
We are able to use grids to create people 
graphically, by utilizing tables specify the node 
coordinates and beam incidences [6]. Staging 
height is understood to be, the peak calculating in 
the walk out to bottom from the floor slab from the 
tank portion. Within this the tank is analyzed in 
three different zones (Zone III, Zone IV, and Zone 
V) with four different kind of supporting patterns. 
Zone - III: Fundamental, Mix, Radial bracings. In 
Elevated water tanks the bottom shear and Base 
moments are taken just above the bottom of the 
staging. The bottom shear and moments are 
calculated for impulsive and convective modes. 
Base moment (M), could be acquired by mixing the 
bottom shears and base moments in impulsive and 
convective modes through square cause of amount 
of squares (SRSS) rule. Seismic Analysis 
Procedure: Whenever a tank that contains liquid 
vibrates, the liquid exerts impulsive and convective 
hydrodynamic pressure around the tank wall and 
also the tank base additionally towards the 
hydrostatic pressure [7]. Two mass models: Two 
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mass models for elevated tank was suggested by 
Housner (1963) that is appropriate and it is being 
generally utilized in the majority of the worldwide 
codes including Draft code for IS 1893. Lateral 
stiffness of Staging: Lateral stiffness from the 
staging may be the horizontal pressure needed to 
become applied in the CG (center of gravity) from 
the tank to result in a corresponding unit horizontal 
displacement. Within this study, CG of tank is 
taken as CG of empty container. Hydrodynamic 
Pressure: During lateral base excitation, tank wall 
is exposed to lateral hydrodynamic pressure and 
tank is made of exposed to hydrodynamic pressure 
in vertical direction 
IV. CONCLUSION 
The research demonstrates the considerable 
alternation in seismic behavior of elevated tanks 
with thought on responses like stiffness, base shear, 
base moment, displacement etc. when supporting 
product is combined with appropriate 
modifications. Finally study discloses the 
significance of appropriate supporting 
configuration to stay withstand against heavy 
damage/failure of elevated water tanks during 
seismic occasions. Earthquake characteristics in 2 
different zones, which cause excitation of 
responses for example base shear pressure, 
overturning moment and roof displacement, are 
compared and following conclusions are acquired. 
In Zone-III for Situation study-1 of ESR with 18m 
height of staging, Fundamental kind of bracing 
(Ks= 8084kN/m) is enough and much more 
appropriate when compared with Radial bracing 
(Ks= 9633kN/m) and Mix bracing (Ks= 
9775kN/m). In Zone-V for the similar Situation 
study-1 of ESR with 18m height of staging, the 
rooftop displacements for Fundamental (65mm), 
Radial (61mm) and Mix (60mm) kind of bracings 
are exceeding the restricting value (54mm). Hence, 
a rise in number bays from 4 to 5nos, it's observed 
that, the rooftop displacements are inside the 
allowable limit. (Fundamental=53mm, 
Radial=49mm, Mix=48mm, and Staging Stiffness: 
Fundamental=10101kN/m, Radial=12048kN/m, 
Mix=12255 kN/m correspondingly). In Zone-V for 
Situation study-2 of ESR with 22.35m height of 
staging (5 bracing bays), the rooftop displacements 
for Fundamental (78mm) and Mix (71mm) kind of 
bracings are exceeding the restricting value 
(63mm). Hence a rise in number bays from 5 to 
6nos, it's observed that, the rooftop displacements 
continue to be exceeding the restricting values. 
(Roof Displacements: Fundamental=72mm, 
Mix=66mm, and Staging stiffness: 
Fundamental=8312 kN/m, Mix=10111 kN/m 
correspondingly). Hence it suggests modification 
of configuration ESR itself (Staging 
pattern/Column sizes/bracing beams sizes), that 
will finish track of enhancement of staging 
stiffness. In Zone-V for the similar Situation study-
2 of ESR with 22.35m height of staging, after 
modification of bracing beam sizes, it's observed 
that, the minimum worth of staging stiffness (Ks) 
shall 't be under 11013kN/m to create roof 
displacements inside the allowable limits. In 
Situation study-1 & 2 the bottom shear and Base 
moments are greater in Radial and Mix bracing 
type when compared to Fundamental kind of 
bracing that will modify the reinforcement design  
of staging people. 
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